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1607-551X/Copyright ª 2015, KaohsiuAbstract The prevalence of intravenous (IV) catheter-related infections is 0.5 per 1000 de-
vice days, and these infections cause tenderness, erythema, swelling and phlebitis.
Catheter-related bloodstream infections (CRBSI) may independently increase hospital costs
and length of stay; the aim of the study was to set up a standard operating procedure (SOP)
for the maintenance of peripheral vein catheter patency and the prevention of IV catheter-
related complications. This is a retrospective study, enrolling patients who received anesthesia
between April 2010 and January 2011. The study included 1 month of pretest phase, and 3
months each of “notification” phase, “observation” phase and “end” phase, respectively.
The cannulations were set up by surgical ward nurses following the SOP on establishing periph-
eral intravenous catheter in our hospital. The cannulation sites were then examined before
surgery and postoperatively by registered nurse anesthetists using the Baxter Scale. We also
tried to set up a feedback circuit to let ward nurses know about the IV patency rate. As a
result, 14,682 patients were enrolled in the study. The incidence of IV therapy-related adverse
events was 0.78% in the notification phase, 0.43% in the observation phase, and 0.13% in the
end phase. Overall IV therapy-related events declined significantly (p < 0.01), and the pres-
ence of phlebitis was associated with age (p < 0.05). An SOP established to assess IV patency
through a checklist can reduce phlebitis and improve quality. The checklist increases ward
nurses’ and nurse anesthetists’ awareness of IV patency, and the feedback circuit substantially
reduces IV event rate.
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Insertion of an intravenous catheter for parenteral thera-
pies of fluid administration or delivery of medications is one
of the most common invasive procedures performed on
hospitalized patients [1]. An estimated 150 million patients
receive peripheral intravenous (IV) devices each year in
North America alone, which are not without complications
[2]. The prevalence of IV therapy-related infections is re-
ported to be 0.1% of IV devices and 0.5 per 1000 device days
[3]. Extravascular injection, hematoma, air embolism, or
phlebitis are common complications for IV devices, which
reflect the inflammatory response of the vein rather than
simple misplacement of the device tip [1,4e6]. In a recent
study, in 20e80% of patients receiving peripheral IV infusion
therapy, phlebitis developed, characterized by pain,
tenderness on palpation, erythema, warmth, swelling,
induration or thrombosis of the cannulated vein, and
required removal of the cannula or further treatment [7].
Several factors are associated with phlebitis and infiltration
rate such as patient age, sex, diseases (e.g., diabetes,
heart disease, neutropenia, and malnutrition), infection at
another body site, IV access site preparation, osmolarity
and dose of the drug, poor aseptic or venipuncture tech-
nique, and type and size of the IV catheter [8]. Extravasa-
tion occurs as a peripheral catheter is inadvertently
inserted through the vessel wall at an unexpected point to
cause edema and changes in the skin appearance and
temperature, such as swelling, blanching, and coolness,
when increased venous pressure causes leakage around the
original venipuncture site, or when a needle pulls out of the
vein [9]. Various drugs or solutions (such as certain anes-
thetic agents, electrolytes, and antiemetic agents such as
promethazine) might injure tissue severely during inci-
dental extravasation. Possible consequences of extravasa-
tion include necrotic ulcers, infection, disfigurement,
complex regional pain syndrome, and loss of function [9].
In most patients receiving anesthesia and surgery, one or
more catheters are inserted immediately before surgery.
During the postoperative period, these catheters are
retained for the purpose of meeting medical needs [4,10].
However, postoperative catheter-related phlebitis has
been associated with inadequate intravenous catheter
patency; the drug, when administered intraoperatively,
might also play a role in determining the incidence and
severity of phlebitis at IV sites [10e12]. Moreover,
catheter-related bloodstream infections (CRBSI) might
independently increase hospital costs and length of stay
[13].
Peripheral vein catheter patency and infusion phlebitis
remains a significant problem in daily clinical practice. The
objective of the study was to investigate the epidemiology
of peripheral vein complications and to set up a standard
operating procedure (SOP) for the maintenance of periph-
eral vein catheter patency and the prevention of IV
catheter-related complications.
Methods
This is a retrospective study with approval by the local
Institutional Review Board; patients who had peripherallines inserted during operation between April 2010 and
January 2011 were enrolled in the study. Outpatient anes-
thesia and anesthesia performed outside of the operation
room were excluded.
For quality improvement and assurance, our department
routinely conducts a quality assurance meeting every 2
weeks during which the director of the anesthesiology
department and one anesthesiologist are able to ensure
quality improvement. We have found that dysfunctional
intravenous route(s) increase the incidence of phlebitis
after administration of intravenous anesthetics. Therefore,
we have developed some strategies to prevent this prob-
lem. The SOP (Figs. 1 and 2) developed during the meetings
was thus executed by the registered nurse anesthetists.
After admission, the ward nurses in charge would follow
the SOP for setting up an intravenous catheter before sur-
gery. The SOP in our hospital includes washing hands with
hand sanitizer first, and then the puncture site should be
prepared using aseptic technique. Second, a 22- or 20-
gauge intravenous catheter (Terumo, Philippines) is inser-
ted and transparent adhesive film is then used to cover the
cannulation area. Finally, peripheral devices are routinely
repositioned every 3 days. Every patient is sent to the
operation suite with normal saline solution administered
and every IV catheter is checked and recorded by regis-
tered nurse anesthetists in the waiting area of operation
suite, according to the checklist (Table 1). If the IV set and
cannula cannot pass the checklist criteria, our registered
nurses follow the standard operation procedure (Figs. 1, 2)
to solve the problem. If the IV set and cannula pass the
checklist, the patient then stays in the waiting area until
being sent to the each operation room.
Just before induction of anesthesia, the sign-in proce-
dure includes checking for IV patency, drug accuracy, and
safety. Nurse anesthetics help the attending anesthesiolo-
gist in administering IV medications, setting monitors, and
completing other preanesthesia procedures.
The day after surgery, the catheterization sites (IV sites)
were examined by registered nurse anesthetists for the
presence and severity of phlebitis using the Baxter Scale
[10]. The severity of phlebitis was graded as follows: Grade
0, no pain, no erythema, swelling, induration, or cord;
Grade 1, pain at IV site or erythema, no swelling, indura-
tion, or cord; Grade 2, pain at IV site with erythema or
some swelling, no induration or cord; Grade 3, pain at IV
site with erythema, swelling, and induration or a palpable
cord of <7.62 cm; Grade 4, pain at IV site with erythema,
swelling, induration, and a palpable cord of >7.62 cm; and
Grade 5, frank vein thrombosis and all the signs of Grade 4.
The study included 1 month of pretest phase (April
2010). The 9-month study period was then divided into the
“notification” phase (May 2010 to July 2010), “observation”
phase (August 2010 to October 2010), and “end” phase
(November 2010 to January 2011) for the comparison of
results of intervention. IV therapy-related adverse events;
e.g., IV line obstruction, disconnection, and phlebitis were
observed and recorded.
In addition we tried to set up a feedback circuit to ward
nurses and other staff. Our department routinely conducts
a quality assurance meeting every 2 weeks. Registered
nurse anesthetists execute the policies established therein.
The summary of each meeting is then announced to staff
Figure 1. Standard operating procedure for safe peripheral intravenous line setup. OR Z operating room.
Figure 2. Flowchart of intravenous administration of drugs for patients undergoing elective surgeries. OR Z operating room.
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Table 1 Abstract of checklist for peripheral intravenous lines.
Date: / / OR:
Patient name: Chart no.: Section/dept. Ward Anesthesia duration Anesthesiologist
Item:
Free infusion flow ☐Yes; ☐No To confirm the infusion flows freely.
Cannulation date ☐Yes; ☐No To confirm the insertion date is marked clearly.
Cannulation site ☐Yes; ☐No To confirm the insertion site is examined for signs of complications.
IV line fixation ☐Yes; ☐No To confirm the IV line is fixed well without extravasation.
Infusion rate ☐Yes; ☐No To confirm the infusion flows appropriately.
Appropriate line setup ☐Yes; ☐No
☐Yes; ☐No
2 IV lines are inserted, or CVC line is inserted.
Blood loss 500 mL (7 mL/kg for pediatric patients)
CVC Z central venous catheter; IV Z intravenous; OR Z operating room.
218 P.-C. Chiu et al.members in our department. However, if a dysfunctional IV-
administration system is detected while ticking off the
checkbox list; we re-establish a new IV fluid-giving system
and then contact the surgical ward nurse in charge by
phone. Finally, our hospital has a periodic head nurse
meeting, and the head nurse of our department would then
announce the updated data collected in the program to
other departments.
All continuous variables were expressed as
mean  standard deviation. Analyses of categorical vari-
ables were performed using Chi-square or Fisher’s exact
test. The independent Student t test was used for contin-
uous data. Logistic regression was used to determine the
association of parameters with phlebitis. Statistical signif-
icance was defined at p < 0.05 (two-tailed test). The Sta-
tistical Package for the Social Sciences (SPSS) version 12.0
software (SPSS Ltd., Chicago, IL, USA) was used to perform
all statistical analyses.Results
During the study period, 15,813 patients underwent anes-
thesia in our hospital, whereas 895 anesthesia outpatients
and 236 patients receiving anesthesia not in the operating
room were excluded. A total of 14,682 patients were
enrolled in the study (Fig. 3). Among them, 1340 patients
were included in the 1 month of pretest phase and 13,342
patients were enrolled in the study group. Basic descriptive
analyses of the study population revealed that 7637 pa-
tients (52.0%) were male, and that being elderly (61 years
or older; 33.8%) somewhat predominant over other factors
in the study (Table 2).
A total of 73 IV therapy-related adverse events (0.49%)
were found, indicating phlebitis was the most frequently
seen complication for patients in whom peripheral IV lines
were inserted (Table 3). The overall phlebitis rate was
approximately 0.40%. Further analyses demonstrated that
overall rates of IV therapy-related adverse events in
different phases of the study were 0.78% (34/4359) for the
“notification” phase, 0.43% (19/4447) for the “observation”
phase, and 0.13% (6/4536) for the “end” phase, respec-
tively (Figs. 4 and 5). A significant difference (p < 0.001) of
IV therapy-related adverse events among phases was
noticed, indicating the occurrence of adverse events
decreased as the study intervention was carried out.Multivariate analyses of the study parameters revealed
that the presence of IV therapy-related adverse events
was not associated with sex and underlying diseases.
However, the presence of IV therapy-related adverse
events, especially phlebitis (pZ 0.01), was associated with
age (Table 4).Discussion
Intravenous anesthetic agents including thiamylal, thio-
pentone, propofol, and etomidate are strongly irritant to
vessels and easily cause phlebitis, chemical burn, or tissue
necrosis via unintentional extravasations [14]. In addition,
propofol and nalbuphine intravenous bolus injection may
induce serious injection pain [15]. Therefore, to prevent
incidental extravasations or phlebitis, nurse anesthetists
and anesthesiologists should pay attention to IV catheter-
line patency before intravenous anesthetics administration.
The most important finding in our study was that an
increased number of surgical ward nurses and nurse anes-
thetists who injected induction agents under the orders of
anesthesiologists were aware of IV catheter side effects
caused by unintentional performance, and were also willing
to follow the checklist to assess IV patency, which with the
feedback circuit between ward nurses and anesthetists in
each phase, substantially reduced IV catheter-related er-
rors. Before the study, the incidence of IV therapy-related
adverse events was 0.75%; however, this significantly
decreased to 0.44% after the establishment of the SOP to
assess peripheral IV lines by following the checklist for
patients who underwent surgery with general or regional
anesthesia and executed the procedures through the
observation phase. The adverse events rate continued to
decrease to 0.13% by the end of the study. The SOP pre-
vented IV therapy errors through assessment of the
checklist and the feedback circuit we established in this
study, which acted as a simple but powerful tool that sur-
gical ward nurses in charge used this to check the patient’s
IV catheter set before sending the patient to the operating
room.
To reduce the incidence of phlebitis, aseptic catheter
insertion technique is the first priority. Our hospital has
been executing the SOP of establishing aseptic intravenous
catheter techniques for years. Because intravenous anes-
thetics are strongly irritant to vessels, the intravenous
Figure 3. Enrollment.
Intravenous access check forum to prevent phlebitis 219checklist should be completed before induction of anes-
thesia. In this research, the intravenous access checklist
clearly played its role in reducing the incidence of phlebitis
during the perioperative period.
Why did the incidence of phlebitis decline on each phase
from 0.44% to 0.13% during the program? Raising awareness
of the function of intravenous access should be the main
factor considered. The registered nurse anesthetists
assessed each IV access patency after patient arrival, then
after each item of the checklist was ticked off, patients
were allowed to either stay in the waiting room or were
sent to the operating room, accordingly. However, assess-
ment of the IV set should be repeated following patients’
position changes. Staff members, including anesthesiolo-
gists and nurse anesthetists, knew about the close associ-
ation between unrecognized leaks of fluid from the IV set
and incidence of phlebitis. Therefore, awareness of IV ac-
cess complications and repeated assessment of IV accessTable 2 Basic demographics of study population
(n Z 14,682).
No. Percentage
Sex
Female 7043 48.0
Male 7637 52.0
Age (y)
40 4125 28.1
41e50 2429 16.5
51e60 3170 21.6
61 4958 33.8according to the items of the checklist are the main reasons
for the decline in the incidence of phlebitis.
Anesthetic medications via peripheral IV route is one of
the important therapies routinely offered to patients un-
dergoing surgery with anesthesia [1]. Unless the IV catheter
set is kept in a good functioning condition, appropriate
anesthesia might not be offered in a timely manner due to
the incomplete delivery of anesthetic agents and prompt
supply of fluids. Common adverse events for the IV catheter
administration route include line obstruction, disconnec-
tion, misplacement, hypersensitivity, fluid infiltration, and
phlebitis [1,4e6]. Among them, phlebitis is the easiest to
notice because acute inflammation usually appears within a
few minutes or hours with obvious characteristics of car-
dinal signs such as pain, erythema, swelling, and warmth
[7]. The baseline prevalence of adverse events for IV de-
vices was 0.75%. However, neither normal saline solutions
nor low-molecular-weight heparin are suggested for IV de-
vice maintenance or prevention for IV line obstruction or
phlebitis [16]. Although the guideline advocates insertion
site to upper extremities in place of lower extremities, andTable 3 Intravenous therapy-related adverse events
(n Z 73).
No. Percentage
Line obstruction 9 13.0
Line disconnection 5 7.2
Line misplacement 0 0
Phlebitis 59 85.5
Sixty-nine patients presented with 73 events; 4 patients with 2
events.
Figure 4. Trend of intravenous therapy-related adverse events for patients undergoing surgery.
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dles, there is no definite suggestion for the catheter resited
position to be replaced every 72 hours [17]. In addition, the
concept of repositioning of the peripheral intravenous de-
vice every 72 hours has changed from recommendation of
device removal routinely [18,19] to being left in place with
clinical necessity unless it is a high-risk catheter [7,20].
Therefore, we present the check forum acting as a practical
tool to evaluate the catheter and demonstrate that the tool
is feasible in decreasing the occurrence of perioperative
intravenous route-related adverse events. Our results sug-
gest this is a feasible method to ultimately decrease the
occurrence of IV therapy-related adverse events.
The baseline incidence of IV catheter adverse events in
this study relied on nurse anesthetists’ voluntary reports,
and we consider the incidence in the pretest phase was
underestimated, which was why the occurrence of adverse
events increased from 0.75% in baseline to 0.78% in theFigure 5. Incidence of intravenous therapy-related adverse
events.notification phase. Following that, the incidence of adverse
events gradually declined during our study. The reported
independent predictors of peripheral venous phlebitis
included female sex, emergency catheter insertion, inser-
tion in medicalesurgical wards, insertion position on fore-
arm site, and administration of amoxicillin-clavulanate or
aminoglycosides [20]. However, female sex did not present
as an independent risk factor in this study. Phlebitis rate
was associated with increasing age independently
(p < 0.01). We found that relatively few articles exist that
discuss peripheral catheter-related infection or malfunc-
tion to central catheters. Therefore, the development of a
prospective study to understand the risk factors and to set
up strategies for phlebitis will be necessary in the future.
There are some limitations in this study. Although the
checking list and feedback system made great improve-
ments in decreasing IV catheter-related adverse events,
this study was executed only in one medical center with
nurse anesthetists. In addition, our university hospital is anTable 4 Association of the presence of intravenous
therapy-related adverse events with various parameters.
Line
obstruction
(&)
Line
disconnection
(&)
Phlebitis
(&)
p
Sex
Female 5 (1.0) 2 (0.0) 30 (4.0) 0.91
Male 4 (1.0) 3 (0.0) 29 (4.0)
Age (y)
40 2 (0.0) 0 1 (0.0) <0.01
41e50 1 (0.0) 2 (1.0) 4 (2.0)
51e60 1 (0.0) 1 (0.0) 13 (4.0)
61 5 (1.0) 2 (0.0) 41 (8.0)
Intravenous access check forum to prevent phlebitis 221academic medical center with parallel physician and nurse
training programs, and it may not be representative of
other hospital settings. This study was a retrospective
study; however, to conduct a prospective study and to
discipline the nurses to focus on IV catheter-related
adverse events may achieve a better result. The checklist
may be modified to fit in more detail and determine risk
factors of patient diseases with hematologic, metabolic,
microvascular, and macrovascular problems, or even
coagulopathy.
In conclusion, the incidence of perioperative IV
catheter-related adverse events decreased after imple-
mentation of measures that raised the awareness of surgi-
cal ward nurses and nurse anesthetists. Such an SOP and
management strategy can serve as a model to advance
other aspects of inpatient safety and lower IV catheter-
related adverse events.References
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